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ERWK LQGLYLGXDOO\ DQG LQ XQLVRQ %\ FRQVLGHULQJ KDUGZDUH
RIIORDGLQJ SRVVLELOLWLHV IRU D ORZOD\HU VSOLW HVSHFLDOO\ D SUH
UHVRXUFH PDSSHU VSOLW XVLQJ DQ 2SWLRQ VRIWZDUHEDVHG /7(
VSOLWDVDQH[DPSOHZHVKRZKRZGDWDUDWH(WKHUQHWIUDPHVL]H
DQG LQ JHQHUDO WUDIILF JHQHUDWLRQ FKDUDFWHULVWLFV ZLOO EH YHU\





JDSILOOLQJ DJJUHJDWRU XVHG IRU WKH ILUVW WLPH LQ VXFK D PRELOH
IURQWKDXODSSOLFDWLRQ





KH DGRSWLRQ RI (WKHUQHW LQ WKH IURQWKDXO RI WKH QH[W
JHQHUDWLRQ 5DGLR $FFHVV 1HWZRUN 5$1 ZLOO H[WHQG
SDFNHWEDVHGQHWZRUNLQJWRWKHQHWZRUNHGJH$VDXELTXLWRXV
WHFKQRORJ\ ZLWK ZHOOHVWDEOLVKHG 2SHUDWLRQV $GPLQLVWUDWLRQ
DQG 0DLQWHQDQFH 2$0 IXQFWLRQDOLW\ >@ (WKHUQHW FDQ
HQDEOH IL[HGPRELOH FRQYHUJHQFH PXOWLYHQGRU RSHUDELOLW\
UHGXFLQJ FRVWV WKURXJK QHZO\ HVWDEOLVKHG HFRQRPLHVRIVFDOH
>@DQGXQLILHGWUDQVSRUWRYHUZKDWLVQRZWHUPHGWKH[KDXO[
VLJQLI\LQJ IURQW PLG DQG EDFN +RZHYHU WKH HIIHFWV RI
(WKHUQHW QHWZRUNLQJ RQ WKH SHUIRUPDQFH RI FXUUHQW WK
*HQHUDWLRQ*DQGIXWXUHWK*HQHUDWLRQ*V\VWHPVDQGWKH
LPSOLFDWLRQV RI FRPELQLQJ (WKHUQHW ZLWK IXQFWLRQDO VSOLWWLQJ
PXVWEHWDNHQLQWRDFFRXQW7KHPDLQFRQVWUDLQWVZLOOLQFOXGH
WKH ODFNRI IUHTXHQF\DQG WLPHV\QFKURQL]DWLRQ >@ERWKRI
ZKLFKKDYHVWULQJHQWUHTXLUHPHQWVIRU*DQG*SURFHVVLQJ
HVSHFLDOO\ IRU &RRUGLQDWHG 0XOWL3RLQW &R03 0XOWLSOH
,QSXW0XOWLSOH2XWSXW0,02DQWHQQDV\VWHPVDQGWUDQVPLW
GLYHUVLW\WHFKQLTXHV6\QFKURQL]DWLRQIHDWXUHVFDQEHHQDEOHG
XVLQJ DGDSWHG IRUPV RI H[LVWLQJ RYHU(WKHUQHW WHFKQRORJLHV










DFFRPSDQ\LQJ VWDQGDUGV DQG3UHFLVLRQ7LPH3URWRFRO 373
VHH >@ DQG DFFRPSDQ\LQJ VWDQGDUGV ,Q DGGLWLRQ ODWHQF\
FDXVHG E\ SRUW FRQWHQWLRQTXHXLQJ IURQWKDXOWR(WKHUQHW
PDSSLQJ IXQFWLRQV VXEIUDPH WLPLQJV +\EULG$XWRPDWLF
5HSHDW5HTXHVW+$54SURWRFROFRQVWUDLQWVDQG(WKHUQHWOLQH





&XUUHQW IURQWKDXO EDVHG SUHGRPLQDQWO\ RQ WKH VHPL
SURSULHWDU\ &RPPRQ 3XEOLF 5DGLR ,QWHUIDFH &35, >@
LQYROYHV ,QSKDVH DQG 4XDGUDWXUH ,4 WLPHGRPDLQ V\PERO





KDV DOUHDG\ EHHQ DJUHHG XSRQ EXW QR FRQVHQVXV KDV EHHQ
UHDFKHGDW WKHWLPHRI WKLVSDSHU¶VZULWLQJ IRUD ORZHUOD\HU
VSOLW//6,QWKLVSDSHU*33VSOLWWHUPLQRORJ\LVHPSOR\HG
+RZHYHU RWKHU JURXSV KDYH GHILQHG WKHLU RZQ QDPLQJ
FRQYHQWLRQV DQG D QHZ IUDPHZRUN QRWH QRW VSHFLILFDWLRQ
IURP WKH &35, JURXS KDV EHHQ UHOHDVHG DFFRPPRGDWLQJ
DGGLWLRQDOIXQFWLRQDOVSOLWVDQGWUDQVSRUWWHFKQRORJLHVLQFOXGLQJ
(WKHUQHWWUDQVSRUW>@
$GGLWLRQDO NH\ UHTXLUHPHQWV IRU D IXQFWLRQDO VSOLW
LPSOHPHQWDWLRQLQD*5$1ZLOOLQFOXGHWKHDELOLW\WRMRLQWO\
SURFHVV VLJQDOV PRGXODUL]DWLRQ RI IXQFWLRQDOLW\ RSHUDWLRQ






IORZV IURP &HQWUDO 8QLWV &8V WR 'LVWULEXWHG 8QLWV '8V
ZKLFK FDQ EH IXOO\ RU SDUWLDOO\ WKURXJK KDUGZDUHRIIORDGLQJ
WHFKQLTXHVYLUWXDOLVHG
- =RX DQG -3 (OEHUV DUH ZLWK $'9$ 2SWLFDO 1HWZRUNLQJ 6(
)UDXQKRIHUVWU D  0DUWLQVULHG *HUPDQ\ HPDLO
-=RX#DGYDRSWLFDOFRP-(OEHUV#DGYDRSWLFDOFRP
. +DEHO DQG 9 -XQJQLFNHO DUH ZLWK )UDXQKRIHU ++, (LQVWHLQXIHU 
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7KH SDSHU IRFXVHV ILUVW RQ WKH VWXG\ RI WZR //6
LPSOHPHQWDWLRQV 7KH ILUVW LV D ³*UHDG\´ KDUGZDUH +:
EDVHG XSSHU3+< VSOLW ZLWK FXVWRP 3+< SURFHVVLQJ 7KH




WR(WKHUQHW PHWKRGV DQG ODWHQF\ODWHQF\ YDULDWLRQ 7KHQ D
SURPLVLQJ 761 DJJUHJDWLRQ DSSURDFK RSHUDWLQJ DW YHU\ KLJK
QHWZRUNLQJ UDWHV LV DVVHVVHG LQ WHUPV RI ODWHQF\ YDULDWLRQ
SHUIRUPDQFH ZKHQ WUDQVSRUWLQJ DQ LQEDQG WLPLQJ SURWRFRO
ZKLOH DJJUHJDWLQJ WKH //6JHQHUDWHG GDWD DQG DGGLWLRQDO
EDFNJURXQGWUDIILFIORZVLQDQHYROYHGDQGFRQYHUJHG(WKHUQHW
IURQWKDXO ,WV SHUIRUPDQFH LV FRPSDUHG ZLWK WKHRUHWLFDO
SUHGLFWLRQVRIDOWHUQDWLYHVFKHGXOLQJUHJLPHV
6HFWLRQ ,, RI WKH SDSHU SUHVHQWV WKH WZR //6 VSOLW
LPSOHPHQWDWLRQVZKLOH6HFWLRQ,,,IRFXVHVRQ761PHWKRGVDQG





EHHQ VXJJHVWHG OHDGLQJ WR DQ HQYLVLRQHG IOH[LEOH 5$1
DUFKLWHFWXUH WKDW FDQ DFFRPPRGDWH YDULDEOH VSOLW SRLQWV
GHSHQGHQWRQDSSOLFDWLRQVFHQDULR7KHFKRLFHRIVSOLWSRLQWLV
QRWDVWUDLJKWIRUZDUGRQHDVHDFKSRVVHVVHVLWVRZQDGYDQWDJHV
DQGGLVDGYDQWDJHV > @:LWK IXQFWLRQDO VSOLWWLQJ WKH
DGYDQWDJHVRI(WKHUQHWEHFRPHFOHDU&HUWDLQVSOLWSRLQWVRIIHU
GDWD UDWHV WKDW VFDOH ZLWK FHOO ORDG IRU ZKLFK (WKHUQHW
DJJUHJDWRUVVZLWFKHVFDQRIIHUVWDWLVWLFDOPXOWLSOH[LQJJDLQV
6XFK IXQFWLRQDO VSOLWV ZLOO EH NH\ HQDEOHUV IRU WKH QH[W
JHQHUDWLRQ * 5$1 7KHUH LV FXUUHQWO\ OLPLWHG DYDLODEOH
H[SHULPHQWDO ZRUN HVSHFLDOO\ ZLWKLQ DQ (WKHUQHW IURQWKDXO
FRQWH[W ,Q > @ D VRIWZDUHHPXODWHG 2SWLRQ VSOLW ZDV
SUHVHQWHG FRQFHQWUDWLQJ RQ ODWHQF\ SHUIRUPDQFH >@ DQG
(WKHUQHW GDWD UDWH FRQWULEXWLRQV IURP GLIIHUHQW WUDQVSRUW
FKDQQHOV >@ ZKLOH >@ FRQFHQWUDWHG RQ WKH UHDOWLPH
RSHUDWLRQ FDSDELOLWLHV RI VRIWZDUH SODWIRUPV ZLWK IXQFWLRQDO
VSOLWWLQJ +RZHYHU WKHUH LV FXUUHQWO\ D ODFN RI GHWDLO RI WKH
LPSOHPHQWDWLRQHVSHFLDOO\ZLWKUHJDUGVWRPDSSLQJIXQFWLRQV
DQGWKHLUHIILFLHQF\DQGWKHH[SRVLWLRQRIPXOWLSOHIORZVLQDQ
HYROYHG (WKHUQHW IURQWKDXO :LWK UHJDUGV WR +:EDVHG
VSOLWWLQJ LQ >@ D *EDVHG XSSHU3+< VSOLW ZDV HYDOXDWHG
VSHFLILFDOO\IRU&R03DQGDW*GDWDUDWHV
,QWKHQH[WVXEVHFWLRQVZHFRQFHQWUDWHRQWKHSHUIRUPDQFH
RI WKH WZR //6V ,PSRUWDQW DVSHFWV RI WKH LPSOHPHQWDWLRQV
SUHVHQWHGKHUHLQFOXGHGDWDUDWHDQGODWHQF\SHUIRUPDQFHDQG
PDSSLQJDSSURDFKHVZKHQPLJUDWLQJWR(WKHUQHWWUDQVSRUW)RU
WKH ODWWHU WKH ,((( 5DGLRRYHU(WKHUQHW 5R( WDVN









EDVHG XSSHU3+< VSOLW LV VKRZQ LQ )LJ D 1RKLJKHU *
5$1 SURWRFRO OD\HUV DUH LQFOXGHG )ROORZLQJ WKH )RUZDUG
(UURU &RUUHFWLRQ )(& HQFRGHU WKH PDSSLQJ IXQFWLRQ
SDFNHWL]HV WKH ³EDFNKDXOOLNH´ GDWD GLUHFWO\ LQWR (WKHUQHW
IUDPHVUHVXOWLQJLQDVLQJOHGDWDIORZ7KHUHVXOWLQJHQFRGHG
)(&EORFNVDUH2FWHWVORQJQHFHVVLWDWLQJWKHXVHRIMXPER
IUDPHV 7KH EORFN VL]H LV D UHVXOW RI D VLJQDO SURFHVVLQJ
SDUDOOHOL]DWLRQDSSURDFKUHTXLUHGVRWKDWWKHWDUJHWGDWDUDWHLV
DFKLHYHG 6WLOO WKH UHVXOWLQJ IUDPH VL]H LV DW WKH ORZ HQG RI
MXPERIUDPHVL]HV7KHHQFDSVXODWLRQIRUPDWVKRZQLQ)LJE






)LJ  VKRZV EHQFKPDUNLQJ UHVXOWV IRU IURQWKDXO GDWD UDWH
YHUVXV EDFNKDXO WKURXJKSXW 7ZR PDSSLQJ PRGHV KDYH EHHQ
WHVWHG ODWHQF\RSWLPL]HG DQG RYHUKHDGRSWLPL]HG )RU WKH
IRUPHULGOHGDWDDUHXVHGWRFRPSOHWHWKH)(&EORFNVZKHQQR
DGGLWLRQDOEDFNKDXOGDWDLVDYDLODEOH7KLVPHWKRGRIRSHUDWLRQ









IUDPHV DPRQJ PXOWLSOH )(& EORFNV WKH WUDFHV GR QRW
QHFHVVDULO\VKRZDOLQHDUGHSHQGHQFHRQORDGDVFDQEHVHHQ
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D OLQHDUGHSHQGHQFHRQ ORDG LVREWDLQHG LUUHVSHFWLYHRI IUDPH
VL]H DQG GDWD UDWH ,Q JHQHUDO IRU ERWK PRGHV WKH FXVWRP
KHDGHU¶V IL[HGVL]HOHDGVWRDQRYHUKHDGWKDWGHFUHDVHVDV WKH
IUDPH VL]H EHFRPHV ODUJHU EXW WKH RYHUKHDGRSWLPL]HG PRGH
UHVXOWVLQVLJQLILFDQWO\EHWWHURYHUDOOHIILFLHQF\DVQRLGOHGDWD






WKH ODWHQF\ UHGXFHV ZLWK IUDPHVL]HGXH WRD UHGXFWLRQ LQ WKH
SURFHVVLQJSHUIUDPHDQGWKHODWHQF\UHGXFHVZLWKGDWDUDWHDV
WKH WLPH UHTXLUHG WR ILOO DQ )(& EORFN UHGXFHV $W














GDWD ZLOO EH EDVHG RQ KLJKHU * OD\HUV IRU H[DPSOH 0$&
3'8V WKH LQSXW WUDIILF FKDUDFWHULVWLFV KDYH WR EH WDNHQ LQWR




SURWRFRO VWDFN ZLOO JHQHUDWHH[SRVHDQXPEHURI WUDIILF IORZV
LQFOXGLQJFRQWUROSULPLWLYHVDVZLOOEHVKRZQLQVXEVHFWLRQ
,,%ZKLFKZLOO KDYH VLJQLILFDQWO\YDU\LQJ IUDPH VL]H%XW LI
VXFKGDWD UDWHVDUHQRWSUHVHQW WKH ODWHQF\PD\EHVLJQLILFDQW
VHHWKHORZHQGRIWKHGDWDUDWHLQ)LJDQGKDVWREHFDUHIXOO\
FRQVLGHUHG ,Q VXFK D FDVH WKH ODWHQF\RSWLPLVHG DSSURDFK
FRXOG EHXVHG%DODQFLQJEHWZHHQ WKHVH WZR DSSURDFKHVZLOO
EHFRPH VLJQLILFDQW IRU SUHUHVRXUFH PDSSHU VSOLWV ZKHUH
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ZKHUH ODUJH YDULDWLRQV EHWZHHQ XVHUSODQH WKURXJKSXWV DUH





LQFOXGHV WKH IXOO /7( SURWRFRO OD\HU VWDFN LQ D VRIWZDUH
HPXODWLRQHQYLURQPHQW7KHPDSSLQJIURP/7(0$&3URWRFRO
'DWD 8QLWV 3'8V WR (WKHUQHW IUDPHV LV FDUULHG RXW E\ D
)URQWKDXO ,QWHUIDFH/LEUDU\),/ZKLFK LV LQVHUWHGEHWZHHQ




WKH 0$&3+< ERXQGDU\ 7KHVH IORZV DUH LQ WXUQ DVVRFLDWHG
ZLWKDSDFNHWW\SHWKDWLQFOXGHV'RZQOLQN&RQWURO,QIRUPDWLRQ
SDFNHWBW\SHB'&, 'RZQOLQN 6KDUHG &KDQQHO
SDFNHWBW\SHB'/6&+ 6\VWHP ,QIRUPDWLRQ SDFNHWBW\SHB6,
DQG 5DQGRP $FFHVV 5HVSRQVH SDFNHWBW\SHB5$5 7KH
SUHIHUUHGFKRLFHKHUHZDVWRHPSOR\DFRPPRQHQFDSVXODWLRQ
IRUPDW IRU DOO SDFNHW W\SHV XVLQJ VWDQGDUG OD\HU (WKHUQHW
KHDGHUVDVLQ6XEVHFWLRQ,,$+RZHYHUGXHWRWKHGLIIHUHQW
SDFNHWW\SHVDGGLWLRQDOKHDGHUILHOGVDUHUHTXLUHG8QOLNHWKH
XSSHU3+< VSOLW ZKHUH D VLQJOH IORZ ZDV SUHVHQW WKH
0$&3+< VSOLW JHQHUDWHV PXOWLSOH IORZV DQG H[SRVHV D
QXPEHU RI LQWHUOD\HU LQWHUIDFHV WKDW QHHG WR H[FKDQJH
LQIRUPDWLRQSULPLWLYHV
7KH(WKHUQHWSD\ORDG VHFWLRQ FRQWDLQV DQXPEHURI KHDGHU
ILHOGV WKDW DUH VSHFLILF WR WKH //6 VSOLW WKHVH LQFOXGH /7(
VXEIUDPHDQGV\VWHPIUDPHQXPEHUVSDFNHWW\SH,'V OHQJWK




7KH GLVWLQFWLRQ EHWZHHQ GLIIHUHQW SDFNHW W\SHV EULQJV
SRVVLELOLWLHV ZKLFK LQFOXGH XVLQJ GLIIHUHQW &R6 IRU GLIIHUHQW












IRU PXOWLSOH XVHUV KDYH EHHQ UHFHLYHG 7KHUHIRUH GHILQLQJ
WLPHRXWVLVDQLPSRUWDQWVSOLWVSHFLILFGHVLJQDVSHFWDVGHOD\HG
RUGURSSHGSDFNHWVPD\LQWXUQFDXVHODUJHGHOD\VLQWKH'8
:LWK EXIIHU WLPHRXWV VXEIUDPH WLPLQJV FDQ EH PDLQWDLQHG
RYHU WKH DLU %\ XVLQJ 6HTXHQFH 1XPEHUV 61V IRU XVHU
DOORFDWLRQV WKH'8FDQNHHS WUDFNRIZKLFK'/6&+SDFNHWV










RI WKH PLVVLQJ XVHU DOORFDWLRQV DQG GHIHU WKHP WR WKH
FRUUHVSRQGLQJ+$54UHWUDQVPLVVLRQSURFHVV
$QH[SHULPHQWDODQDO\VLVRI+$54UHWUDQVPLVVLRQVGXH WR
IURQWKDXOLQGXFHG ODWHQF\ YDULDWLRQ DQG WKH WUDQVPLVVLRQ RI
QXOOVLQSODFHRIPLVVLQJXVHUGDWDKDVEHHQFDUULHGRXWLQ>@
DOEHLWIRUDQ2SWLRQ//6
$ WHVWEHG VHWXS IRU EHQFKPDUNLQJ FKDUDFWHUL]DWLRQ RI WKH
//6 LV VKRZQ LQ )LJ  ZLWK PHDVXUHPHQW UHVXOWV RI ODWHQF\
VKRZQ LQ7DEOH ,,7KH/7(EDQGZLGWK LV  0+]ZLWK WKUHH
HPXODWHG8(V7KHDYHUDJHSDFNHWVL]HLVRFWHWVZKLOHWKH
PD[LPXP IRU SDFNHWBW\SHB'/6&+ LV  RFWHWV WKXV
OLPLWLQJWKH7%VL]HVWRZLWKLQWKHRFWHW(WKHUQHWVWDQGDUG
0D[LPXP 7UDQVPLVVLRQ 8QLW 078 7KH FKRLFH ZDV PDGH
KHUHWRDYRLGWKHXVHRIMXPERIUDPHVZKLFKDOWKRXJKRIIHULQJ
KLJKHURYHUKHDGHIILFLHQF\FDQOHDGWRODUJHGHOD\YDULDWLRQVIRU




IRU *E( LV DSSUR[LPDWHO\  PV IRU D EDFNWREDFN EE
FRQQHFWLRQ ZKLOH WKH ODWHQF\ VWDQGDUG GHYLDWLRQ 67' LV
DSSUR[LPDWHO\PV7KHLQFRUSRUDWLRQRI*E(LPSURYHVWKH
ODWHQF\E\DSSUR[LPDWHO\PV
7KH VXEIUDPH ODWHQF\ LV QRW D .3, XVXDOO\ TXRWHG LQ WKH
OLWHUDWXUH EXW LV LPSRUWDQW IRU IURQWKDXO DV LW GHWHUPLQHV WKH
EXIIHUVL]HDWWKH'8DVVXPLQJWKDW'8SURFHVVLQJIRUDJLYHQ
VXEIUDPH WDNHV SODFH RQO\ RQFH DOO SDFNHWV GHVWLQHG IRU WKDW
VXEIUDPHKDYHEHHQUHFHLYHG7KHUHVXOWVLQ7DEOH,,VKRZWKDW
WKHVXEIUDPHODWHQF\LVODUJHUWKDQWKHSDFNHWODWHQF\GXHWRWKH





//6 ZLWK D FKDQQHO EDQGZLGWK RI  0+] 7KH IURQWKDXO
RFFXSDQF\ VFDOHV PDLQO\ GXH WR WKH '/6&+ SDFNHW W\SHV
FRUUHVSRQGLQJWRWKHFHOOORDGUHVXOWLQJLQSHULRGVRIDYDLODEOH
OLQNFDSDFLW\WKDWFDQEHXVHGE\RWKHUIORZV&RQWUDVWLQJWKLV
ZLWK ,4 WUDQVSRUW DQG LWV UHVXOWLQJ FRQVWDQW GDWD UDWH
LUUHVSHFWLYH RI FHOO ORDG WKH SRWHQWLDO EHQHILWV LQ FDSDFLW\
SURYLVLRQLQJ WKURXJK VWDWLVWLFDO PXOWLSOH[LQJ JDLQV REWDLQHG
ZLWKWKH//6DUHFOHDU7KHULJKW\D[LVRI)LJLQGLFDWHVWKH




7KLV YDULDELOLW\ LQ JHQHUDWHG WUDIILF KDV WR EH WDNHQ LQWR
DFFRXQWZKHQHPSOR\LQJ+:RIIORDGLQJVXFKDVLQWKHXSSHU
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3+< VSOLW SUHVHQWHG LQ VXEVHFWLRQ ,,$ $V FHUWDLQ VXEIUDPHV
ZLOO UHTXLUH PXOWLSOH (WKHUQHW IUDPHV WR EH WUDQVSRUWHG ZLWK
ODUJHO\YDU\LQJVL]HV WKHRYHUKHDGRSWLPLVHGPDSSLQJZRXOG




VPDOOHU GDWD UDWHV LQFOXGLQJ *W\SH RQHV HJ ORZGDWD UDWH




W\SHV FRQWURO DQG SULPLWLYHV ZRXOG UHVXOW LQ ORZ RYHUKHDG
HIILFLHQFLHVEXWWKHLUFRQWULEXWLRQLQWKHWRWDOIURQWKDXOGDWDUDWH






















:KLOH VWDWLVWLFDO PXOWLSOH[LQJ JDLQV FDQ KHOS UHGXFH RYHU
SURYLVLRQLQJRIIURQWKDXOOLQNVDQGWKXVUHGXFHRSHUDWRUFRVWV
WKH\DOVRPHDQWKDWODWHQF\YDULDWLRQDOVRWHUPHG)UDPH'HOD\
9DULDWLRQ )'9 RU SDFNHWGHOD\ YDULDWLRQ 3'9 IURP WKH
DJJUHJDWLRQVZLWFKLQJ SURFHVV ZLOO RFFXU DQG KDV WR EH
FRQVWUDLQHG WR DFFHSWDEOH OHYHOV 373 WUDIILF ZLOO KDYH WKH
WLJKWHVW FRQVWUDLQW VR DV QRW WR SURGXFH VLJQLILFDQW
WLPHVWDPSLQJHUURUV2QWKHRWKHUKDQGWUDIILFDULVLQJIURPQHZ
VSOLW SRLQWV ZLOO JHQHUDOO\ KDYH UHGXFHG ODWHQF\ YDULDWLRQ
UHTXLUHPHQWVEXWZLOOUHTXLUHSURSHUEXIIHULQJWRDEVRUEVXFK
YDULDWLRQHVSHFLDOO\ZLWKFRQWHQWLRQ
7KH ,((( 3&0 7LPH6HQVLWLYH 1HWZRUNLQJ IRU
)URQWKDXO VWDQGDUGL]DWLRQ HIIRUW LV LQ WKH SURFHVV RI
VHOHFWLQJDGDSWLQJWLPHVHQVLWLYHQHWZRUNLQJSURILOHVIRUXVHLQ
DEULGJHGIURQWKDXOQHWZRUN>@7KHVWDQGDUGDLPVWRGHILQH
WKH UHTXLUHPHQWV IRU GLIIHUHQW EDVH VWDWLRQ IXQFWLRQDO
GHFRPSRVLWLRQVWKHVHDUHVHSDUDWHGLQWR&ODVVHVDQGVSHFLILHV






WKURXJK XQVSHFLILHG PHDQV SRWHQWLDOO\ WKURXJK *OREDO
1DYLJDWLRQ 6DWHOOLWH 6\VWHP *166 DQGRU WUDQVSDUHQW 373
FORFNV
7KH DLPRI WKLV VHFWLRQ LV WR FRPSDUH H[SHULPHQWDO UHVXOWV
XVLQJ D QRYHO DJJUHJDWLRQ DSSURDFK WHUPHG WKH JDS ILOOLQJ
DJJUHJDWRU ZLWK WKHRUHWLFDO UHVXOWV RI RWKHU 761 VFKHGXOHUV
VSHFLILFDOO\ ZKHQ 373 KDV WR EH WUDQVSRUWHG E\ WKH HYROYHG







3ULRULW\ +3 DQG /RZ 3ULRULW\ /3 IORZV WKH SHDN QRGH
VZLWFK RU DJJUHJDWRU ODWHQF\ 7QRGHSHDN LV REWDLQHG IURP WKH
PD[LPXP/3SDFNHWVL]HDQGLVJLYHQDV





WKH /3 WUDIILF IORZ DQG LV GHSHQGHQW RQ VFKHGXOHU
LPSOHPHQWDWLRQ7KHFRUUHVSRQGLQJPLQLPXPQRGHODWHQF\LV
JLYHQDV
 ௡ܶ௢ௗ௘ǡ௠௜௡ ൌ ௙ܶ ൅ ௦ܶ 

6XEWUDFWLQJ IURP UHVXOWV LQ WKHSHDN)'9)'9SHDN
IRUDJLYHQVFKHGXOHU
)LJVKRZVDQXPEHURI761VFKHGXOLQJWHFKQLTXHVDQGWKH
FRUUHVSRQGLQJ H[SUHVVLRQV IRU SHDN )'9 7KH VLPSOHVW
VFKHGXOHULVEDVHGRQDVLQJOHRXWSXWTXHXH1RWHWKDWWKLVLVWKH
FDVHZKHQIORZVDUHQRWGLIIHUHQWLDWHGEDVHGRQSULRULW\VHWWLQJ
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(WKHUQHW IUDPH LQWHUDUULYDOGHOD\V LQ WKH IURQWKDXO WHVWEHGRI
)LJ ZKHUH FRQWHQWLRQ RFFXUV EHWZHHQ WZR VWUHDPV
FRPSULVLQJ /7( ,4 EDVHGFDUU\LQJ (WKHUQHW IUDPHV DQG
EDFNJURXQG (WKHUQHW WUDIILF IRU GLIIHUHQW EDFNJURXQG WUDIILF
IUDPH VL]HV 7KH EDVHOLQH YDOXH QR FRQWHQWLRQ RI WKH
GLVWULEXWLRQVLVDSSUR[LPDWHO\V7KH131R3ULRULW\WUDFH
FRUUHVSRQGVWRWKHVLQJOHTXHXHVFKHGXOHUZKLOHWKHUHPDLQLQJ
WUDFHV DUH XVHG WR FRPSDUH 63 DQG :HLJKWHG5RXQG 5RELQ









)LJ  'LIIHUHQW VFKHGXOLQJ UHJLPHV DQGFRUUHVSRQGLQJ SHDN )'9V 7V KHUH
FRUUHVSRQGV WR WKHZRUVW FDVH LH PD[LPXP IUDPH VL]H IRU WKHEDFNJURXQG
WUDIILF7$67LPH$ZDUH6FKHGXOHU*3*XDUG3HULRG7:7LPH:LQGRZ






DEVRUEHG E\ WKH UHFHLYH EXIIHU RI WKH &8'8 UHVXOWLQJ LQ D
VPDOOHU LQFUHDVH LQ HQGWRHQG ODWHQF\ +RZHYHU WKH SHDN
ODWHQF\ FRPSRQHQW UHPDLQV ERXQGHG DQG JLYHQ E\ WKH LQVHW
HTXDWLRQ LQ)LJ  QHFHVVLWDWLQJ WKHXVH RISUHHPSWLRQ ,W LV
HYLGHQW IURP WKHVHUHVXOWV WKDWZKLOH WKHXVHRI ODUJHU IUDPHV
IRUH[DPSOHMXPERIUDPHVLVEHQHILFLDOGXHWRODUJHURYHUKHDG










RXWJRLQJ +3 VWUHDP ZKLFK LV HTXDO WR WKH PD[LPXP
WUDQVPLVVLRQ WLPH RI D /3 IUDPH $ JDS GHWHFWRU LV XVHG WR
REWDLQWKHLQWHUSDFNHWJDSVDQGDVFKHGXOHUWKHQFKRRVHVDQ/3
IUDPHWKDWFDQILWZLWKLQHDFKLQWHUSDFNHWJDS1RWHWKDWWKLV
DSSURDFK GRHV QRW UHTXLUH DQ\ DGGLWLRQDO LQEDQG RU RXWRI
EDQG IRUP RI V\QFKURQL]DWLRQ DV LV WKH FDVH ZLWK 7$6 IRU
H[DPSOH
7KH LPSOHPHQWDWLRQ RI WKH *E( DJJUHJDWRU DQG
WKHRUHWLFDO GHOD\ EXGJHW DUH VKRZQ LQ )LJ  7DEOH ,,,
VXPPDUL]HV EHQFKPDUNLQJ ODWHQF\ DQG ODWHQF\ YDULDWLRQ
PHDVXUHPHQW UHVXOWV IRU D JHQHULF WUDIILF VFHQDULR ZKHUH D
078RIRFWHWVLVXVHGIRUWKH+3IORZDQGDSDFNHWVL]H
RI  RFWHWV IRU WZR /3 IORZV 7DEOH ,,, RQO\ VKRZQ WKH
UHVXOWVIRURQHRIWKH/3IORZV7KH+3UHVXOWVKDYHDPLQLPXP
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7KH /3 UHVXOWV KDYH D PLQLPXP ODWHQF\ RI  QV DQG D
PD[LPXPODWHQF\RIQVUHVXOWLQJLQDPD[LPXPODWHQF\












WUDIILF EXUVW\ WUDIILFFKDUDFWHULVWLF$FFHVV WR WKHJDSILOOLQJ
DJJUHJDWRU LV SURYLGHG WKURXJK *E( LQJUHVVDFFHVV SRUWV




+$54 UHWUDQVPLVVLRQV IRU WKH 2SWLRQ VSOLW QR ORVV RI
V\QFKURQLVDWLRQIRUWKHXSSHU3+<DQG&35,R(VSOLWVGXHWR
WKHODUJHOLQNUDWHV:HGHIHUDPRUHGHWDLOHGLQYHVWLJDWLRQRI











)LJ  7KH FRQYHUJHG (WKHUQHW HYROYHG IURQWKDXO ZLWK JDSILOOLQJ 761
DJJUHJDWLRQDQG373WUDQVSRUW*0*UDQG0DVWHU*166*OREDO1DYLJDWLRQ


































 1$ 1$ !63    QV
([SHULPHQWDOGDWDDYDLODEOH#*E(DJJUHJDWLRQ 12 12 12 12 <(6
,QEDQGWLPLQJSURWRFROUHTXLUHPHQW 12 12 12 <(6 12
5HTXLUHPHQWIRUJOREDOVFKHGXOLQJ 12 12 12 <(6 12
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,Q IDFW WKH DGGLWLRQDO 3'9 LQWURGXFHG E\ WKH DJJUHJDWRU
ILUPZDUHLVRQO\DSSUR[LPDWHO\QV
,Q DGGLWLRQ WR WLPLQJ V\QFKURQLVDWLRQ IUHTXHQF\
V\QWRQL]DWLRQLVHTXDOO\LPSRUWDQW$PHFKDQLVPFRPSDWLEOHWR
6\QF( KDV EHHQ LPSOHPHQWHG WR IRUZDUG WKH FORFN IURP WKH
XSSHU3+<VSOLW&8WRLWVUHVSHFWLYH'8$KLVWRJUDPVKRZLQJ
WKH GHYLDWLRQ RI WKH UDGLR XQLW FORFN FRPSDUHG ZLWK WKH GDWD
VRXUFHLVGHSLFWHGLQ)LJ7KHPD[LPXPGHYLDWLRQREVHUYHG




ZD\ ODWHQF\ IRU WKH 2SWLRQ VSOLW WKURXJK WKH DJJUHJDWRU LV
DSSUR[LPDWHO\  V ZKLFK LV ZLWKLQ ERWK TXRWHG ODWHQF\
UHTXLUHPHQWILJXUHVLQFOXGLQJWKHPRUHVWULQJHQWVRQHIRU
&R03EXWOHDYLQJDYHU\VPDOOPDUJLQIRUILEHUGHOD\V8VHRI
+:RIIORDGLQJ XVLQJ IRU H[DPSOH WKH XSSHU3+< VSOLW
SODWIRUP SUHVHQWHG KHUH LV H[SHFWHG WR UHGXFH WKLV ODWHQF\
ILJXUHFRQVLGHUDEO\ZKLOHVXSSRUWLQJPXFKKLJKHUGDWDUDWHV
7KHJDSILOOLQJDJJUHJDWRUDSSURDFKSUHVHQWHGKHUHLVWKHRQO\
WHFKQLTXH WKDW KDV DYDLODEOH H[SHULPHQWDO GDWD DW *E(
DJJUHJDWLRQVKRZLQJSHUIRUPDQFHWKDWLVSURPLVLQJIRUPHHWLQJ
WKH VWULQJHQW ODWHQF\ YDULDWLRQ UHTXLUHPHQWV ZKHQ 373 LV
WUDQVSRUWHG %\ FRPSDULVRQ WKH RWKHU VFKHGXOLQJ WHFKQLTXHV
FRQVLGHUHGRQO\SURYLGHLPSURYHPHQWVLQDYHUDJHODWHQF\DQG
ODWHQF\ YDULDWLRQ ZLWK YDU\LQJ OHYHOV RI VXFFHVV 7KXV WKH
VLPSOHU WHFKQLTXHV VXFK DV 63 DQG :55 PD\ RIIHU
LPSURYHPHQWVZKHQRQO\VRIWHUVRIWLVRODWLRQEHWZHHQVOLFHVLV
QHFHVVDU\ 7$6 PD\ LQ WKHRU\ HOLPLQDWH FRQWHQWLRQLQGXFHG
GHOD\ YDULDWLRQ EXW ZRXOG UHTXLUH WKH LPSOHPHQWDWLRQ RI D
















WKDW LQFOXGHV WKH IXOO /7( SURWRFRO VWDFN LV XVHG WR REWDLQ D








UHTXLUHG EHWZHHQ XVHU DQG FRQWUROSODQH IORZV 6XFK DQ
DSSURDFK LVHIILFLHQWEXW ZLOO OHDG WRGHVLJQFRPSOLFDWLRQV LQ
PXOWLRSHUDWRUPXOWLXVHU VOLFLQJ VFHQDULRV VR PXVW EH WDNHQ
LQWR DFFRXQW LQ IXWXUH UHVHDUFK3RWHQWLDO DOWHUQDWLYH PHWKRGV
VXFK DV HIILFLHQW DJJUHJDWLRQ RI IORZV H[LVW EXW WKHVH PD\
FRPSOLFDWHVOLFHLVRODWLRQDQGFODVVRIVHUYLFHGLIIHUHQWLDWLRQ
$VWKHODWHQF\ODWHQF\YDULDWLRQSHUIRUPDQFHRIWKHHYROYHG
IURQWKDXO QHHGV WR EH WUHDWHG KROLVWLFDOO\ LQ DGGLWLRQ WR
IXQFWLRQDOVSOLWFKDUDFWHUL]DWLRQWLPHVHQVLWLYHQHWZRUNLQJZDV




IRU D 373 IORZ 7KURXJK D FRPSDULVRQ ZLWK WKHRUHWLFDO
SUHGLFWLRQV IRU RWKHU VFKHGXOLQJ WHFKQLTXHV WKH DJJUHJDWRU
DSSURDFK LV VKRZQ WR EH WKH PRVW SURPLVLQJ LQ PHHWLQJ
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%DWK8.LQDQGWKH06FGHJUHHLQ
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-|UJ3HWHU (OEHUV 0¶ UHFHLYHG WKH
GLSORPDDQG'U,QJ'HJUHHVLQHOHFWULFDO
HQJLQHHULQJ IURP 7HFKQLFDO 8QLYHUVLW\
'RUWPXQG *HUPDQ\ LQ  DQG 
UHVSHFWLYHO\
+H LV 6HQLRU 9LFH 3UHVLGHQW $GYDQFHG
7HFKQRORJ\ 6WDQGDUGV 	 ,35 DW $'9$
2SWLFDO 1HWZRUNLQJ 3ULRU WR MRLQLQJ
$'9$ LQ  KH ZDV 'LUHFWRU RI
7HFKQRORJ\ LQ WKH 2SWLFDO 3URGXFW 8QLW RI 0DUFRQL QRZ
(ULFVVRQ)URPWR-|UJZRUNHGDW6LHPHQV$*ODVW
DV'LUHFWRURI1HWZRUN $UFKLWHFWXUH LQ WKH2SWLFDO 1HWZRUNV
%XVLQHVV 8QLW -|UJ KHDGV WKH *HUPDQ 9'( ,7* H[SHUW
FRPPLWWHHRQFRPPXQLFDWLRQ WHFKQRORJLHVDQG VHUYHVRQ WKH
ERDUGRIWKH(XURSHDQ7HFKQRORJ\3ODWIRUPVRQ3KRWRQLFVDQG




9RONHU -XQJQLFNHO 0¶ UHFHLYHG
GRFWRUDWH DQG KDELOLWDWLRQ GHJUHHV LQ
SK\VLFV IURP+XPEROGW8QLYHUVLW\%HUOLQ
LQ  DQG LQ FRPPXQLFDWLRQV
HQJLQHHULQJ IURP 7HFKQLFDO 8QLYHUVLW\
%HUOLQLQUHVSHFWLYHO\
+H MRLQHG )UDXQKRIHU +HLQULFK +HUW]
,QVWLWXWH LQ %HUOLQ LQ  ZKHUH KH
FRQWULEXWHG WR KLJKVSHHG RSWLFDO ZLUHOHVV
FRPPXQLFDWLRQV WKH ILUVW  *EV PRELOH
UDGLROLQNWKHILUVWUHDOWLPHWULDOVRI/7(DQGILUVWFRRUGLQDWHG
PXOWLSRLQW WULDOV IRU/7(+H LVFXUUHQWO\ OHDGLQJ WKH0HWUR
$FFHVV DQG ,QKRXVH 6\VWHPV JURXS ZRUNLQJ RQ VKRUWUDQJH
RSWLFDO WHFKQRORJLHV +H DOVR VHUYHV DV FKDLU RI WKH ,(((
 WDVN JURXS RQ 0XOWL*ELWV 2SWLFDO :LUHOHVV
&RPPXQLFDWLRQVDQG7HFKQLFDO(GLWRURI WKH ,(((EE
SURMHFW RQ /LJKW &RPPXQLFDWLRQ 6LQFH  9RONHU LV




1DWKDQ - *RPHV 0¶±60¶
UHFHLYHG WKH %6F GHJUHH IURP WKH
8QLYHUVLW\ RI 6XVVH[ 6XVVH[ 8. LQ
 DQG WKH 3K' GHJUHH IURP
8QLYHUVLW\&ROOHJH/RQGRQ/RQGRQ8.
LQERWKLQHOHFWURQLFHQJLQHHULQJ
)URP  WR  KH KHOG D 5R\DO
6RFLHW\ (XURSHDQ ([FKDQJH )HOORZVKLS
ZLWK(1673DULV)UDQFH6LQFHODWH
KH KDV EHHQ ZLWK WKH 8QLYHUVLW\ RI .HQW &DQWHUEXU\ 8.
ZKHUH KH LV FXUUHQWO\ 3URIHVVRU RI 2SWLFDO )LEUH
&RPPXQLFDWLRQV+LVFXUUHQW UHVHDUFK LQWHUHVWV LQFOXGHILEHU
ZLUHOHVV DFFHVV V\VWHPV DQG QHWZRUNV IURQWKDXO DQG UDGLR
RYHUILEHUWHFKQRORJ\3URIHVVRU*RPHVZDVWKH73&&KDLUIRU
,(((,QWHUQDWLRQDO&RQIHUHQFHRQ&RPPXQLFDWLRQV,&&
LQ/RQGRQ
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